Abstract: Electronic consultation (eConsult) is an innovative solution that allows specialists and primary care providers to communicate electronically, improving access to specialist care. Understanding the cost implications of different remuneration models available to pay specialists is of critical importance as adoption of these services continues to increase. We used data collected through the Champlain BASE (Building Access to Specialists through eConsultation) eConsult service to simulate the cost implications of different remuneration models in Canada. The prorated hourly rate model averaged $45.72 CAD (Canadian Dollar) per eConsult while the prorated hourly rate with incentive averaged $51.90 CAD per eConsult, and the fee for service cost $60.50 CAD per eConsult. Paying all specialty groups to block three hours per week for eConsults averaged $337.44 CAD per eConsult and paying for 1-h blocks averaged $133.41 CAD per eConsult. As the remuneration of specialists is the largest cost driver of an established eConsult service, our findings can inform policymakers considering the implementation of eConsult or wishing to further develop an existing service.
Introduction
Prompt access to specialist care is a major challenge facing the health care system. According to a report from the Fraser Institute, wait times for specialist care in Canada grew 132% between 1997 and 2013 [1] . Issues of poor access to specialist care are not limited to Canada; many healthcare systems around the world face similar problems [2] . In an effort to increase access to specialist care and decrease wait times, several countries have implemented electronic consultation (eConsult) services [3] [4] [5] . These services enable primary care providers (PCPs) and specialists to communicate electronically over a secure web platform in order to discuss a specific patient's care. Even when the specialist must see the patient, a previous eConsult can increase the visit's effectiveness [6] . eConsult services have been shown to decrease wait times [7] , improve care coordination and collegiality between primary and specialty care [8] , avoid unnecessary face-to-face specialist visits [9] , and provide educational opportunities for both PCPs and specialists [10] . Importantly, eConsult systems have shown great potential to reduce costs and lead to greater overall health system efficiency [5, 11] .
Specialist remuneration is the main cost driver in any (established) eConsult initiative and thus plays a crucial role in any cost or efficiency calculation. While eConsult is being implemented in a variety of regions across the world including the United States [12] , Finland [5] , and Canada [13] , there is considerable variation in the types of remunerations schemes being used. Examples of eConsult specialist remuneration schemes include fee-for-service (Alberta), the use of salaried physician specialists (San Francisco General Hospital) [14] , work load credit (Veterans Affairs system and Mayo Clinic) [15, 16] , and pro-rated hourly (Champlain) [17] . It is understood that the method of remuneration can have important implications on service quality, provider engagement and importantly, cost. The implementation and sustainability of any such service relies crucially on cost considerations.
Since 2010, we have been operating the Champlain BASE (Building Access to Specialists through eConsultation) eConsult service in our health region of Eastern Ontario, Canada. Over 14,000 eConsults have been submitted to many of the 86 different specialty groups available to users of the service. We have routinely collected system utilization data since the launch and have a unique opportunity to explore and compare the impact different remuneration models can have on the service.
The purpose of this study is to understand the cost implications of different remuneration models. We use data collected through the service to compare the costs that would be paid to specialists under four separate remuneration models. Our findings will be of interest to other regions interested in implementing eConsult services in order to inform decision making on the most appropriate compensation model.
Materials and Methods

Study Design
This is simulation study of all cases submitted over a one-year period by PCPs registered to use the Champlain BASE eConsult service.
Setting
The Champlain Region is one of the province's fourteen regional health districts and includes the city of Ottawa and its surrounding rural communities. Approximately half of the 1.2 million people who live in the region reside in Ottawa, which acts as a primary referral center for outlying rural communities [18] .
In Canada, the health care system is publicly funded and available freely to all Canadians. A variety of payment models for physicians are used including traditional fee-for-service, capitation, and blended models. In Ontario, the majority of specialists are remunerated using a fee-for-service model, whereas PCPs operate in capitation or blended models. Access to a specialist requires a referral from a PCP or other physician, although only the specialist is remunerated for the referral.
The Champlain BASE eConsult Service
The Champlain BASE eConsult service is a secure, web-based platform allowing online communication between PCPs and specialists, reducing the need for face-to-face referrals to specialists [6, 13] . PCPs who wish to consult a specialist fill out an electronic form with patient history and their detailed clinical question, with the option of attaching supplementary files or images if deemed necessary. The case is then assigned to a specialist, who is expected to respond within one week. Specialists are remunerated quarterly at $200 per hour prorated to the self-reported time (<10 min, 10-15 min, 15-20 min, and >20 min) they spent answering eConsults [17] . Similar to the traditional referral there is no billing for initiating an eConsult, but the specialists receiving and subsequently answering the eConsult are paid. The chosen $200/hour rate was based on average remuneration of specialists in the province of Ontario [17] . Specialist remuneration ranges depending on the specialty type, anywhere from $50.00 per consult for Radiology to $199.40 per consult for Psychiatry [19] . According to a survey of specialists registered to use the Champlain BASE eConsult service, most specialist (88%) are satisfied with the uniform payment model, despite variability of payment fees amongst specialty groups [20] .
Data Collection
The data used in this study is routinely collected through the eConsult service and includes the total number of eConsults submitted and to which specialty, the date and time stamps of the PCP and specialist responses, and self-reported time for specialists to complete the eConsult. All eConsults completed between 1 April 2014 and 31 March 2015 were included in this analysis, representing the fourth year of our service.
For the purposes of this simulation study, our analysis included only eConsults that were submitted to medical specialties that PCPs would refer to in a traditional setting. We excluded all eConsults directed to the following specialty groups: bariatric care, cancer screening, chiropody, clinical pharmacist, diabetes education, HIV pharmacist, and radiology.
The Remuneration Models
We chose to examine four separate remuneration models that are either currently in existence or are being tested in our province as potential ways to pay for eConsults: The costs were calculated under two scenarios: (1) each specialty blocks one three-hour period per week at $200 per hour regardless of the number of eConsults they are assigned; or (2) each specialty blocks a minimum of one hour, with the option to increase in one hour increments, if the volume of assigned eConsults is high enough.
Analysis
We calculated the total and per-eConsult costs separately under each remuneration model for all cases completed during the study period. For the prorated hourly rate model, the time specialists reported taking to answer cases was summed and assessed at a prorated hourly rate of $200. In the incentive model, we used the cost of the prorated hourly rate model and added the cost for bonuses for all eConsults completed within one and two days ($10 and $5 for each, respectively). For the physician billing code model, we simply assigned the cost of $60.50 for every eConsult that occurred during the study period to remunerate both PCPs ($16.00) and specialists ($44.50). While a fee code for PCPs exists in Ontario, this is the only model in our study that remunerates PCPs, increasing the cost of this model. As a sensitivity analysis, we have calculated the costs of this model while excluding PCP remuneration to facilitate comparison with other models.
For the flat weekly sessional fee model, we tallied the number of active specialty groups and calculated costs under two scenarios. First, we assumed that all specialties would block off three hours each week in order to mimic booked clinical time and calculated the cost of paying each $600 per week for 48 weeks (in order to allow for vacation time). However, when the volume of cases per week is low, this model would not be feasible from a cost perspective. We therefore modified the model and assumed all specialties would be paid a base salary of one-hour per week, with the option to increase if the volume was high enough, but only by one-hour increments. To do this, we calculated the average number of eConsults completed per specialty per week over the study period. We assumed each case takes fifteen minutes to complete (i.e., four eConsults per hour), which is the median of the time specialists spent to complete eConsults during our study period. If the average weekly number of eConsults was less than four the specialty group received $200/week, if the average was between four and eight the specialty group received $400/week, and specialty groups with over eight eConsults per week on average received $600/week.
In the flat weekly fee model, if specialists devote a set block of time each week to answer eConsults, this may negatively impact response times. Given that a key benefit of eConsult is its expedited response time, we estimated how much of an impact there might be under this assumption. To do so, we used the most popular day of the week for specialists to respond to eConsults and assumed that all specialists would respond on that day only (i.e., if the eConsult is submitted on a Monday and the set time is also on Monday, we assumed the specialist would respond on the same day). We calculated response times under this assumption and compared it to the actual response times observed in the pro-rated model to understand how large the increase would be.
To provide comparability between the flat weekly sessional fee model and the prorated hourly rate model, we determined the volume of eConsults required for both remuneration models to have equal costs. This was done by dividing the total cost of the flat weekly sessional fee model by the average cost per eConsult of the prorated hourly rate model. Dividing again by the number of specialties gives the average volume of eConsults each specialty would have to receive to for both remuneration models to have the same cost.
Results
A total of 3775 eConsults were completed between 1 April 2014 and 31 March 2015. We excluded 105 eConsults submitted to specialties that PCPs would not typically refer to in a traditional setting, leaving a total of 3670 (97.2% of the total) eConsults submitted to 68 specialists from 43 different specialty groups (Figure 1 ). model and assumed all specialties would be paid a base salary of one-hour per week, with the option to increase if the volume was high enough, but only by one-hour increments. To do this, we calculated the average number of eConsults completed per specialty per week over the study period. We assumed each case takes fifteen minutes to complete (i.e., four eConsults per hour), which is the median of the time specialists spent to complete eConsults during our study period. If the average weekly number of eConsults was less than four the specialty group received $200/week, if the average was between four and eight the specialty group received $400/week, and specialty groups with over eight eConsults per week on average received $600/week. In the flat weekly fee model, if specialists devote a set block of time each week to answer eConsults, this may negatively impact response times. Given that a key benefit of eConsult is its expedited response time, we estimated how much of an impact there might be under this assumption. To do so, we used the most popular day of the week for specialists to respond to eConsults and assumed that all specialists would respond on that day only (i.e., if the eConsult is submitted on a Monday and the set time is also on Monday, we assumed the specialist would respond on the same day). We calculated response times under this assumption and compared it to the actual response times observed in the pro-rated model to understand how large the increase would be.
A total of 3775 eConsults were completed between 1 April 2014 and 31 March 2015. We excluded 105 eConsults submitted to specialties that PCPs would not typically refer to in a traditional setting, leaving a total of 3670 (97.2% of the total) eConsults submitted to 68 specialists from 43 different specialty groups (Figure 1 ). Specialists answered a median of 37 (Interquartile range 6-63) eConsults during the study period. PCPs submitted eConsults most frequently on Tuesdays (21.4%) while specialists tended to reply most often on Wednesdays (19.5%) ( Table 1 ). The median specialist response time from receipt of request was 0.78 days (IQR: 0.15-3.2) while the average was 2.2 days (standard deviation = 3.1). The self-reported time it took the specialist to complete an eConsult was under ten minutes in 49% of cases, ten to fifteen minutes in 32% of cases, fifteen to twenty minutes in 15% of cases, and over twenty minutes in 4% of cases. Table 2 shows the total and average estimated costs for specialist remuneration under each model. The total cost of remunerating specialists using the prorated hourly rate model was $167,783. Under this model, the average cost per eConsult was $45.72. The incentive payments calculated for the incentive model had a value of $22,705, which brings the total cost of the incentive model to $190,488 and increases the average cost per eConsult by 13.5% to $51.90. Of the 68 specialists included in the study, 63 would have received an incentive payment at least once. Of the 3,670 eConsults examined, 67.5% would have been eligible for an incentive payment, since 56.2% (n = 2062) were completed within one day and 11.4% (n = 417) within two days. Table 3 shows a specialty breakdown of the distribution of eConsults that were completed within one and two days, for the ten most popular specialties. The cost of the fee-for-service model came to $222,035. In this model, the cost per eConsult is $60.50. When excluding the PCP remuneration, the cost of the fee-for-service model was $148,635. Using the flat weekly sessional fee to calculate remuneration costs brought the total to $1,238,400. Under this model, the average cost per eConsult is $337. However, if we assume that all specialty groups would receive at least $200 per week and then rounding up the costs to the next hour, the total cost becomes $489,600, or $133.41 per eConsult. Under this modified flat weekly fee model, only one specialty group (dermatology) received enough eConsults to warrant a three hour time block per week. The average cost per eConsults for dermatology cases (n = 611) under this model was $47.14, which is lower than the average cost per eConsults for dermatology under the prorated hourly rate model, which was $48.15. Among the remaining specialty groups, 14% (n = 6) would receive $400 per week and 84% (n = 36) would receive $200 per week. Assuming that all specialists would only respond to eConsults on Wednesdays, the median response time from assignment increases substantially from 0.78 to 5.13 days. Each specialty would have to receive approximately 630 eConsults a year for the prorated hourly rate and flat weekly sessional fee models to have the same cost. 
Discussion
The results of our study demonstrate that choosing a compensation model for remuneration within an eConsult service can have large cost implications. This study is novel in that it used data collected through a fully established, multi-specialty eConsult service. To our knowledge this is the first study to compare different remuneration models, an important consideration for any health region interested in implementing a similar service.
Our findings suggest that the prorated hourly rate model is the most cost effective in terms of average cost per eConsult ($45.72). Although it raises the expenditure, the incentive model may be considered if promptness of response is a priority (Table 4) . It is important to note that the current analysis does not adjust for the likely possibility that bonuses would have induced specialists to respond even faster than they did. However, specialists in the Champlain BASE model were not subject to an incentive and yet over two thirds of eConsults were completed in less than two days, suggesting that specialists do not need an incentive to respond promptly. Given that eConsults in our region are not intended to be used in urgent cases, the extra payment for quick responses seem unnecessary; however, other regions where rapid response is required could use a payment incentive to achieve this goal. When excluding remuneration for the PCP, the fee-for-service model led to a slightly lower cost than the prorated hourly rate model. This is because the fee is slightly lower than the average cost of an eConsult under the prorated hourly rate model. This model does not account for the complexity of cases and the cost savings result from a lower payment to the specialists.
The flat weekly sessional fee model was effective from a cost perspective for dermatology, which is the specialty with the highest demand. One important caveat is that this estimate assumes that one specialist would respond to all cases and does not include the number of specialists registered to actually respond to eConsult. In reality, more than one dermatologist would be needed to respond to this volume of cases. This would make the costs for the model much higher if the flat fee was paid to each individual. Furthermore, where the demand is much lower among certain specialty groups, the flat weekly fees translate to substantially higher costs per case, as certain specialties would be on stand-by and would still get paid even if no eConsults are submitted. These findings suggest that flat weekly remuneration strategies do not make sense given the large heterogeneity in the demand for, and length of time taken to respond to, eConsults. While the advantage of this model is that it gives the specialist a protected time period to devote to eConsult, the consequence is that it delays the response time, limits flexibility, and does not recognize individual case complexity that may result in a back and forth between the PCP and specialist. One potential solution to consider as the number of eConsults submitted increases, is to implement a hybrid model in which different payment models are used for different specialty groups depending on volume. The most commonly used specialty groups would be remunerated via the flat weekly fee model, while the less commonly used could be paid either via a prorated or fee-for-service amount. Alternatively, if a standardized remuneration model is desired, one solution that has been proposed to reduce costs using a flat fee per week model would be to eliminate the less frequently used specialty groups and limit the service to a smaller selection of the most common specialties. However, this would have two important implications for PCPs and patients. First, the ability to have a rich suite of specialties increase's the PCPs' confidence that a specialty applicable to their case would be available. With more specialty groups available, PCPs may be more likely to think of eConsult and less likely to doubt its applicability in a given case. Second, patients requiring care from the less frequently used specialties would not benefit from timely care.
In some fee-for service models, PCPs are remunerated for creating an eConsult. To our knowledge, only one study has examined the time investment required to submit a teledermatology eConsult and the authors reported that submitting an eConsult increased the average time of a GP visit, and this was due primarily to having to fill out the electronic referral form [21] . There are ways to work around this: within our service, we have created a delegate user feature that allows the PCP to identify a delegate (typically medical office staff or a referral clerk) who is set up to submit the eConsult request on behalf of the PCP, thereby reducing the PCP's work load. Similarly, the electronic form within the San Francisco General Hospital's eReferral service automatically populates with relevant PCP and patient information, which shortens the length of time required to complete the form [7] . Future research should focus on the impact of eConsult on workflow and this should be done within the lens of overall office efficiency and not only from a provider perspective. Health service organizations who widely adopt eConsult should see greater overall efficiency due to a reduction in the number of traditional face-to-face referrals that are processed.
Remuneration models likely play a role in the adoption of eConsult by specialists and potentially PCPs. A recent survey found that specialists were largely satisfied with the amount and model of remuneration, and that a uniform price was acceptable across all specialist groups [20] . However, other studies have noted widespread dissatisfaction and challenges associated with remuneration for eConsult [22] . While it is vital to ensure that specialists are satisfied with a remuneration model, it is equally important to explore the preferences of the different models on patients, PCPs, and the payer [23] . For example, while patients may prefer a remuneration model where their PCP receives the quickest answer, this could result in poorer answer quality from specialists. Conversely, PCPs may prefer a model where they are remunerated, but this may result in increased utilization and higher costs to the payer. As eConsult services become more readily adopted, it will be necessary for policymakers and researchers to continually evaluate and monitor the impact of different remuneration models in order to ensure eConsult services remain sustainable.
Our study has several strengths. We used data from the Champlain BASE eConsult service, which is well established in our health region. The number of specialty groups available and the distribution of specialists are now at a steady state, allowing us to make meaningful inferences. The remuneration models we compared represent real world models that are either in use or have been suggested, which increases the applicability of our estimates.
Our study has some limitations. We simulated the impact of various remuneration models based on existing data collected using one specific remuneration model. Importantly, we do not observe how differently specialists/PCPs would behave under the different remuneration models. For example, it is possible that under the incentive model, specialists would respond to the bonus structure and expedite their work, which would increase the overall cost. Likewise, PCPs may submit more eConsults under the fee-for-service model, as they would receive compensation for each. Finally, we acknowledge that our paper only explores four payment models based on our experiences within our health system context, which is a single-payer system offering universal healthcare coverage.
Future research should address the impact of specialist remuneration models on health outcomes. Remuneration models may have an effect on specialist response times, quality of responses, avoidance of referrals, and patient and provider satisfaction. In addition, other payment models (e.g., capitated payment, models tied to quality-based care metrics) should be explored.
Conclusions
The prorated hourly rate model was found to be the most cost effective given the utilization and usage patterns of the Champlain BASE eConsult service. Paying more for an expedited response was not beneficial given the observed response times. Paying a flat fee each week was not cost effective due to the breadth of specialty groups available and heterogeneity in the number of eConsults submitted to each specialty. To our knowledge, this is the first study comparing remuneration models for eConsult services. While these results are based on a Canadian healthcare system and the current workflow of the Champlain BASE eConsult, our findings can inform policymakers considering the implementation of an eConsult service, or those wishing to further develop an existing platform In a different healthcare context where universal healthcare coverage is not offered, other remuneration models beyond the scope of the Champlain BASE eConsult data may be of interest. Future research should explore payment models for eConsult in other healthcare contexts and their impact on quality and outcome.
